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47 Tuc was the first globular cluster observed to be γ-ray bright, with the γ-rays being attributed
to a population of unresolved millisecond pulsars (MSPs). Recent kinematic data, combined with
detailed simulations, appears to be consistent with the presence of an intermediate mass black hole
(IMBH) at the centre of 47 Tuc. Building upon this, we analyse 9 years of Fermi-LAT observations to
study the spectral properties of 47 Tuc with unprecedented accuracy and sensitivity. This 9-year γ-
ray spectrum shows that 47 Tuc’s γ-ray flux cannot be explained by MSPs alone, due to a systematic
discrepancy between the predicted and observed flux. Rather, we find a significant preference (TS
= 40) for describing 47 Tuc’s spectrum with a two source population model, consisting of an ensemble
of MSPs and annihilating dark matter (DM) with an enhanced density around the IMBH, when
compared to an MSP-only explanation. The best-fit DM mass of 34 GeV is essentially the same as
the best-fit DM explanation for the Galactic centre “excess” when assuming DM annihilation into
bb¯ quarks. Our work constitutes the first possible evidence of dark matter within a globular cluster.
I. INTRODUCTION
With ages on the order of ∼ 1010 years, globular clus-
ters are believed to represent the oldest components of
our Galaxy. They have been extensively studied across
the electromagnetic spectrum, revealing a large number
of binary systems and millisecond pulsars (MSPs). These
are believed to be a by-product of the number of stars
within globular clusters, upwards of 105 within a 50 cubic
parsec volume. This high density leads to high encounter
rates between stars and a formation rate of low-mass X-
ray binaries (LMXBs) that is several orders of magnitude
higher than in the Milky Way itself [17, 29]. Since MSPs
are believed to result from LMXBs, this large LMXB
formation rate implies that globular clusters are likely
to host a large population of MSPs. Individual MSPs
in our local Galactic neighbourhood have been found to
be γ-ray bright [4], so the presence of a significant MSP
population within globular clusters raises the possibility
of globular clusters being γ-ray bright.
Observations by the Large Area Telescope onboard the
Fermi satellite (Fermi -LAT) early in its science mission
discovered the prominent globular cluster 47 Tuc to be
γ-ray bright [1]. Using the ephemerides of known MSPs
in 47 Tuc [20], the Fermi -LAT collaboration did not find
any evidence of γ-ray flux pulsation and concluded that
a population of unresolved MSPs was responsible for 47
Tuc’s γ-ray emission. They also concluded there was no
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difference in ‘spin-down to γ-ray luminosity’ conversion
efficiency of 47 Tuc’s MSP population compared to our
local Galactic neighbourhood MSPs.
Radio and X-ray observations of 47 Tuc have been used
to place limits on the mass of a central black hole, under
the assumption that it is accreting [18, 24]. Relaxing
this assumption, the spatial distribution and motion of
phase-resolved pulsars, combined with detailed N-body
simulations, recently revealed evidence for a ∼ 2300 M
intermediate mass black hole (IMBH), residing within 47
Tuc [30]. This result prompts us to consider the presence
of an enhanced DM density, referred to as a spike [22],
around 47 Tuc’s IMBH [28]. This would in turn enhance
a possible γ-ray signal from DM annihilation.
We note that work by Freire et al. [19], which uses
additional kinematic information in the form of the MSP
jerk, finds no strong evidence for an IMBH within 47
Tuc. They assume, however, a distance of 4.69 kpc to 47
Tuc, which is among the largest published for 47 Tuc.
Even at this larger distance, they still find a number
of MSPs within their sample that have line-of-sight jerk
values larger than those expected for the distance and
gravitational potential assumed for 47 Tuc, though they
discount these MSPs on the assumption that they are the
result of interactions with local stars. Importantly, the
authors of [19] highlight that all their results are based
on an assumed gravitational potential that does not con-
tain an IMBH. Furthermore the authors of [30] still find
evidence for an IMBH if they assume a distance to 47 Tuc
of 4.5 kpc. It is worth noting that from a radio perspec-
tive, the authors of Ref. [19] find that the MSPs within
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247 Tuc exhibit very similar characteristics to the MSPs
within the Galactic disc.
Motivated by the evidence of a significant dark mass
within 47 Tuc, we analyze 9 years of Fermi -LAT obser-
vations to study the spectral properties of the globular
cluster 47 Tuc. We model the 9-year averaged γ-ray spec-
trum with both MSP and DM annihilation processes to
constrain the sources of the observed γ-rays. The struc-
ture of our letter is as follows. In Sec. II we determine
47 Tuc’s γ-ray properties. In Sec. III we investigate two
possible interpretations of 47 Tuc’s spectrum: one involv-
ing a population of MSPs and the other involving both
MSPs and DM annihilation products from an enhanced
DM density around the IMBH. We discuss our findings
in Sec. IV, and provide conclusions in Sec. V.
II. FERMI -LAT DATA ANALYSIS
Our study considered all photon and spacecraft data
taken during the first 9 years of the Fermi -LAT sci-
ence mission, from 2008 August 4 to 2017 August 4
(Mission Elapsed Time (MET) period of 239557417 [s]
to 523554222 [s]). All 0.1 < Eγ < 100 GeV source
(front+back) events within a 15◦ radius of interest
(RoI) centred on 47 Tuc were analysed, with the size of
the RoI defined by the LAT’s point spread function for
0.1 GeV photons. It is worth noting that, although MSP
γ-ray emission peaks at photon energies of a few GeV, we
consider the entire 0.1− 100 GeV energy range to afford
us a large spectral ‘lever-arm’ for our spectral fitting.
In accordance with pass8 data analysis criteria, a
zenith cut of 90◦ was applied to the data to remove γ-rays
originating from the Earth’s atmosphere, and good time
intervals were selected by applying a ‘data qual> 0 &&
lat config== 1’ filter criterion. Throughout our anal-
ysis, a binned likelihood analysis was employed, using
the fermipy python tool set [41], version v10r0p5 of the
Fermi Science Tools and the p8r2 source v6 instru-
ment response functions.
The model employed during our likelihood analy-
ses consisted of discrete point-like and extended γ-ray
sources, plus diffuse γ-ray emission. The diffuse γ-ray
emission detected by the LAT comprises two compo-
nents: the Galactic diffuse emission, which dominates
along our Galactic plane, and the isotropic diffuse emis-
sion. The Galactic component of the diffuse emission
was modeled with Fermi ’s gll iem v06.fit spatial map and
a power-law spectral model with the normalisation free
to vary. The isotropic diffuse emission was defined by
Fermi’s iso P8R2 SOURCE V6.txt tabulated spectral
data, with the normalisation left free to vary. The ex-
tended source included in our model was the Small Mag-
ellanic Cloud (SMC), located 2.7◦ from 47 Tuc. We de-
fined the SMC spectrally by a power-law, and spatially
by the smc.fits template provided by the Fermi -LAT
collaboration. The point-like γ-ray source population
within our model was initially seeded by the Third Fermi
Source Catalog (3FGL [5]). In particular, we took the
position and spectral shapes of all 3FGL point sources
within a source RoI of 25◦ from 47 Tuc.
To confirm the accuracy of our ‘3FGL point + ex-
tended + diffuse’ model description, an initial binned
likelihood analysis was performed, starting with the fer-
mipy optimise routine. From this initial optimisation,
all insignificant sources with a test statistic1, TS, < 2
or a predicted number of photons, Npred, < 4 were re-
moved from the model. Thereafter, the normalisation
of all remaining point sources within 15◦ was left free
to vary. All point sources with a TS > 25 were left to
vary spectrally, as was the spectral shape of 47 Tuc. A
second binned likelihood was then performed with the
resultant model. The Fermi Science Tool gttsmap was
then used in conjunction with the final best-fit model
from the initial two-step likelihood analysis to construct
a 21◦ × 21◦ TS map centered on 47 Tuc. This TS map
was used to reveal additional point sources of γ-rays that
were not accounted for in our initial model by identify-
ing excesses with TS > 25. For every TS > 25 excess,
a new point source was added to our model fixed to the
(αJ2000, βJ2000) of the excess location, and described by
a power-law. The normalisation and spectral index of
each power-law was left free to vary, and optimised indi-
vidually.
Once all sources of γ-rays within our dataset had been
accounted for, a final binned likelihood analysis was per-
formed to study 47 Tuc’s γ-ray properties. Integrating
over the 9-year data-set, 47 Tuc is found to be a bright
γ-ray source with a test statistic of TS = 5719 and en-
ergy flux of (2.66± 0.08)× 10−11 ergs cm−2 s−1. Assum-
ing isotropic emission for the observed γ-ray flux and
a luminosity distance of 4.5 kpc [25], the total lumi-
nosity of 47 Tuc in the 0.1 − 100 GeV energy range is
(6.45 ± 0.19) × 1034 ergs s−1. Using the Fermi Science
Tool gtfindsrc and the final best-fit model, 47 Tuc’s
γ-ray emission was localised to (αJ2000, βJ2000 = 6.001
◦,
−72.080◦) with a 1σ error radius of 0.008◦. This posi-
tion is consistent with 47 Tuc’s 3FGL position, and lies
within 47 Tuc’s 0.715◦ tidal radius.
The data were then binned into ten logarithmically
spaced bins per decade of energy, with a likelihood anal-
ysis being performed separately for each bin. For each
separate likelihood fit, all sources within the model were
frozen except for 47 Tuc’s normalisation. For bins with
a TS < 10, a 2σ upper limit was calculated. The re-
sulting spectrum can be seen in Figs. 1 & 2, with all
flux error bars representing a 1σ level of statistical uncer-
tainty. The best-fit log-parabola description of 47 Tuc’s
spectrum has a spectral index of α = 1.63 ± 0.04 and
1 The test statistic, TS, is defined as twice the difference between
the log-likelihood of two different models, 2(log L1− log L0),
where L1 and L0 are defined as the maximum likelihood with and
without the source in question [34]. For one degree of freedom,
TS= σ2.
3a curvature of β = 0.37 ± 0.03. While the curvature is
consistent with that reported in the 3FGL, the spectral
index is found to be slightly softer due to the significant
emission below 0.2 GeV that the larger 9-year dataset
reveals compared to 3FGL’s 4-year dataset.
III. INTERPRETATION
A. Millisecond Pulsars
Twenty-five MSPs have been phase-resolved in 47 Tuc
[19]. The properties of these MSPs at γ-ray and radio
wavelengths appear compatible with the MSPs in our
local neighbourhood [1, 19] as is the range of X-ray lu-
minosities [12, 38]. We therefore assume that the MSPs
within 47 Tuc have similiar γ-ray properties to our local
MSPs and thus model the MSPs in 47 Tuc with the same
spectral shape as the Fermi -LAT detected local MSPs.
In particular, we use the spectral model derived by Xing
& Wang [42], who stacked the pass8 0.1−300 GeV spec-
tra of 39 (out of the 40) MSPs reported in the second LAT
pulsar catalog (2PC; [4]). The best-fit spectral shape was
a power-law with an exponential cut-off, a spectral index
of Γ = 1.54+0.10−0.11 and a cut-off energy of Ec = 3.70
+0.95
−0.70
GeV [42].
The normalisation of this spectral fit is related to the
number of γ-ray bright MSPs in 47 Tuc. Since the angu-
lar resolution of Fermi -LAT does not allow us to resolve
individual MSPs within 47 Tuc, we initially consider the
normalisation of the MSP spectral fit to be a free param-
eter. This conservative approach allows us to account for
all MSPs within 47 Tuc, even those below the detection
sensitivity threshold of the Fermi -LAT. In parallel with
this, we considered a second scenario where we determine
the number of γ-ray bright MSPs by considering Chandra
X-ray observations, which have resolved 23 MSPs within
47 Tuc [10, 12, 38]. The γ-ray flux expected from these
23 X-ray bright MSPs was calculated using the X-ray-to-
γ-ray MSP flux ratio of 〈log(G100/FX)〉 = 2.31, derived
in the 2PC [4]. The combined flux from all 23 MSPs was
then used to fix the normalisation of the MSP spectral
fit.
B. Dark Matter
At present there is no evidence for DM halos in glob-
ular clusters [13, 26, 31, 33]. Globular clusters may have
been originally embedded in dark halos, subsequently de-
stroyed by stellar dynamical heating and tidal disruption
by the host galaxy. However, the evidence for an IMBH
within 47 Tuc [30] leads us to rethink this common pic-
ture. In particular, depending on the formation of the
central IMBH and the dynamical evolution of 47 Tuc,
the cluster may have retained a sharply peaked DM dis-
tribution in its inner regions, which would enhance DM
annihilation rates and related γ-ray fluxes. Therefore,
we investigate whether the observed γ-ray emission from
47 Tuc can, in part, be attributed to a spiky DM dis-
tribution around the IMBH. To that end we search for
components in the γ-ray spectrum of 47 Tuc that can-
not be attributed to known astrophysical sources. This
approach has already provided tantalizing hints of a DM
population clustered around the supermassive black hole
at the centre of the active galaxy Centaurus A [14].
The adiabatic BH formation scenario would lead to an
enhanced DM density, with a profile going as r−γsp with
2.25 6 γsp 6 2.5, referred to as a DM spike [22]. How-
ever, adiabaticity is not guaranteed and several dynami-
cal processes may have affected a spike, with an unclear
outcome. For instance, dynamical relaxation with stars
can lead to an equilibrium density profile ∝ r−3/2 [21].
Due to the high density of stars in a globular cluster like
47 Tuc, this process is likely to have played a role. It
is worth highlighting that the situation is different in a
radio galaxy like Centaurus A [14] which is dynamically
younger than a globular cluster.
As a result, to account for both the presence of an
IMBH and dynamical effects, we assume the following
DM profile:
ρ(r) =

0 r < 2RS
ρsp(r)ρsat
ρsp(r) + ρsat
2RS 6 r < Rsp
ρ0
(
r
Rsp
)−5
r > Rsp,
(1)
where
ρsp(r) = ρ0
(
r
Rsp
)−3/2
, (2)
and the effect of DM self-annihilation on the profile is
accounted for via the saturation density
ρsat =
mDM
〈σv〉 tBH , (3)
with mDM the mass of the DM candidate, 〈σv〉 the
velocity-averaged annihilation cross section, and tBH the
age of the central IMBH, which we take to be ∼ 11.75 Gyr
[30]. The radial extension of the spike Rsp should be of
the order of the BH influence radius, GMBH/σ
2
∗ [37]. The
extended MBH-σ∗ relation for IMBHs [40] gives an esti-
mated value of σ∗ ≈ 10 km s−1 for the stellar velocity
dispersion, and Rsp ≈ 0.1 pc for MBH = 2.3 × 103 M.
Outside of the spike, we assume the profile cuts off as
r−5 to keep a low DM content in the outer parts of the
cluster. This cutoff is a priori ad hoc but could for in-
stance originate from tidal stripping. The inner cutoff is
related to capture of DM particles by the BH [39]. The
DM profile is normalized by requiring the mass inside the
spike Msp be of the order of the BH mass, which yields
ρ0 ≈ (3−γsp)MBH/(4piR3sp). This gives a total DM mass
in the cluster of about 4× 103 M, which is below 1% of
the total mass of 47 Tuc, and is therefore consistent with
4the low amount of DM favoured by the velocity disper-
sion profile of 47 Tuc [31].
The resulting DM-induced γ-ray flux is given as usual
by the volume integral of ρ2:
dn
dEγ
=
〈σv〉
ηm2DMd
2
dNγ
dEγ
∫ R
0
ρ2(r)r2 dr, (4)
where the distance to 47 Tuc is d = 4 kpc [9, 32] and the
radial extension of the cluster is R = 56 pc [25].2
One may wonder whether the presence of a DM spike
with a mass of the order of the IMBH mass would affect
the kinematics of stars in the cluster. Detailed studies
are required to quantify the effect of a spike on the kine-
matics of stars, but this is likely to require a much higher
astrometric and spectroscopic precision. As of yet, the
uncertainty on the mass of the IMBH from the study
of Ref. [30] is quite large and leaves room for the DM
component that we considered here.
To model the DM-induced contribution to the γ-ray
spectrum of 47 Tuc, we considered prompt emission from
DM annihilation into bb¯ quarks, which gives a spectral
shape that follows the trend of the data. The DM mass
and annihilation cross section, 〈σv〉, were treated as free
parameters.
C. Results: combined model
We fit 47 Tuc’s γ-ray spectrum with our ‘MSP+DM-
spike’ model by considering the two different scenarios for
the MSP contribution described in Sec. III A. Assuming
that the 23 known X-ray bright MSPs constitute all the
MSPs present in 47 Tuc, using the average γ-ray/X-ray
ratio to estimate the MSP γ-ray emission and leaving the
DM mass and velocity averaged annihilation cross section
free to vary, the best-fit solution has a DM mass of 34
GeV and a 〈σv〉 of 6×10−30 cm3 s−1. The best-fit model
and residuals can be seen in Fig. 1.
We note that the spike radius is degenerate with the
annihilation cross-section. For instance, if we consider a
more extended spike with Rsp = 1 pc, the resulting best-
fit cross section becomes 6 × 10−27 cm3 s−1. Moreover,
without a spike, the annihilation cross-section required to
produce a gamma-ray flux of the order of that observed
is very large and already excluded by indirect searches.
Finally, we have dn/dEγ ∝ M2sp, where we took Msp =
MBH, so the impact of changing the mass enclosed in
the spike can be readily translated into a change in the
best-fit cross section.
The second approach is a model-independent one and
simply assumes that the MSP contribution is due to an
ensemble of unresolved MSPs. As such, we leave the
2 The precise value of the radial extension of the cluster is not rel-
evant since we compute the DM-induced γ-ray flux for a sharply
peaked profile.
normalisation of the MSP spectral model free to vary.
As before, we simultaneously fit the MSP and DM con-
tributions, leaving the DM mass and velocity averaged
annihilation cross section free to vary, assuming the en-
hanced density profile around the IMBH. The best-fit
solution, assuming an unresolved population of MSPs,
also has a DM mass of 34 GeV and a resultant 〈σv〉 of
6× 10−30 cm3 s−1. This fit, along with its residuals, can
be seen in Fig. 1. It is interesting to note that when al-
lowing for unresolved MSPs, the best-fit unresolved MSP
flux is consistent with the flux expected from the 23 X-
ray resolved MSPs.
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FIG. 1. Best ‘DM + MSP’ fit to 47 Tuc’s γ-ray spectrum,
for both methods for characterising the MSP contribution.
DM annihilation via the bb¯ channel, For both MSP scenarios
considered, best-fit DM mass was found to be 34 GeV, with
〈σv〉 ∼ 6× 10−30 cm3 s−1.
To determine the significance of the DM contribution,
we take the conservative approach and consider an ‘ex-
treme’ MSP situation whereby we attribute all of the
observed γ-ray flux to a population of unresolved MSPs,
with no DM contribution considered at all. For this,
we used a maximum likelihood approach to fit 47 Tuc’s
spectrum with an ‘MSP-only’ model, assuming the same
spectral model as that of our local γ-ray bright MSPs, as
derived by Xing & Wang. The normalisation during the
likelihood fit was left free to vary. The best-fit solution
can be seen in Fig. 2, which shows systematic discrep-
ancies between the model and the observed spectrum,
especially below Eγ ≈ 0.8 GeV. The log-likelihood value
of this MSP-only fit was then compared to those of the
‘unresolved MSP + DM’ and ‘resolved MSP + DM’ fits,
using the standard definition of TS as discussed in Sec. II.
The comparison finds both DM models are significantly
preferred over the MSP-only model with a TS = 40 for
each, which equates to > 5σ. We stress, however, that
this significant preference does not rule out the MSP-only
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FIG. 2. Best ‘MSP-only’ fit to 47 Tuc’s spectrum, assuming
that the γ-ray flux is solely due to a population of MSP. We
describe the MSP population with the Xing & Wang spectral
shape derived by averaging over all MSPs in the 2PC. The
residuals show systematic discrepancies between the model
and the observed spectrum.
model, if γ-ray spectra of our local MSP population are
not representative of those in 47 Tuc.
IV. DISCUSSION
With the significance of our DM+MSP model con-
firmed, we turn our attention to exploring possible γ-ray
sources other than DM annihilation. One such is magne-
tospheric emission from matter around 47 Tuc’s IMBH
[36]; however, given that this emission is expected to be
proportional to the black hole mass [15], such emission
would be below the sensitivity of Fermi -LAT. Further-
more, there is no radio or X-ray evidence of the IMBH
accreting, suggesting that there are insufficient particles
for magnetospheric emission [18, 24].
Other possible sources of γ-rays in 47 Tuc are LMXBs
and Cataclysmic Variables (CVs). While CVs were dis-
covered to be γ-ray bright by the Fermi -LAT [3, 6, 16],
the γ-ray emission is transient, on the timescale of days,
and only CVs in our local Galactic neighbourhood have
been observed to be γ-ray bright, suggesting that their γ-
ray flux is observed simply because of their proximity to
us [35]. LMXBs are not known to be γ-ray emitters; all
confirmed γ-ray emitting binary systems are wind-driven
systems and are classed as high-mass X-ray binaries.
Finally, we turn our attention to the assumption that
MSPs within 47 Tuc have the same γ-ray spectral shape
as those of the γ-ray bright MSPs in our local Galactic
neighbourhood. Throughout our studies, we have mod-
eled the 47 Tuc’s MSPs with the spectral shape derived
by Xing & Wang [42]. Xing & Wang determined their
spectral shape by individually analysing 7.5 years of ob-
servations for all MSPs in the 2PC, stacking the resultant
spectra and deriving an average spectrum. All MSPs in
the 2PC reside in our local Galactic neighbourhood and
one may question whether these MSPs are representa-
tive of those found in globular clusters. Previous radio,
X-ray and γ-ray studies have found no difference in ob-
servational properties such as luminosity, spectral shape
and cut-off energy, nor in intrinsic MSP properties such
as ‘spin-down to γ-ray’ luminosity conversion and pulsar
timing, between local MSPs which make up the 2PC, and
those in globular clusters [1, 2, 18, 24]. Observational ev-
idence therefore suggests that the γ-ray spectra of MSPs
in 47 Tuc are not significantly different to those of the
local MSPs.
Nonetheless, relaxing our assumption that the average
spectral shape of the MSPs within 47 Tuc is the same as
our local γ-ray bright MSPs, we use a maximum likeli-
hood approach to fit 47 Tuc with a general exponential
cut-off power-law model, leaving the spectral index, cut-
off energy and normalisation free. The resultant best-fit
has a spectral index Γ = 1.21± 0.06 and a cut-off energy
of Ec = 2.4±0.2 GeV. While there is no significant differ-
ence between this fit when compared to the ‘MSP+DM’
fit, the spectral index is harder, and the power cuts-off at
a lower energy when compared to our local MSPs. Impor-
tantly, there is no evidence that 47 Tuc’s γ-ray emission
is dominated by a few bright MSPs [1], meaning that the
γ-ray spectrum cannot be explained by a few MSPs with
vastly different γ-ray properties to our local MSPs. As
such, this suggests that if 47 Tuc’s γ-ray emission is solely
due to MSPs, the γ-ray properties of these MSPs appear
to be markedly different to those of our local Galactic
neighbourhood, which is not supported by observational
results at X-ray and radio wavelengths.
In both MSP scenarios we have considered, the ad-
dition of a DM component, with an enhanced density
around 47 Tuc’s IMBH, results in a significant improve-
ment to the spectral fit of 47 Tuc at the level of TS = 40
(> 5σ). Interestingly, for both MSP scenarios considered,
the DM mass is found to be 34 GeV, which is essentially
the same as the best-fit DM explanation for the Galactic
centre “excess” when assuming DM annihilation into b
quarks [23, 27]. However, the value of our best-fit anni-
hilation cross section is too small to account for the ob-
served cosmological DM abundance, but this might a hint
for a rich dark sector with several (nonthermal) DM can-
didates [11, 43], or a combination of velocity-dependent
and independent contributions to the annihilation cross
section.
As mentioned in Sec. III, we have assumed that a DM
population is in addition to the ∼ 2300 M IMBH within
47 Tuc, and have not considered the possibility that the
inferred IMBH itself is DM, although this is very un-
likely since it would require extreme clustering of DM in
the central regions, with a DM mass of the order of the
6IMBH. This would not be expected without a black hole
already present at the centre.
V. CONCLUSIONS
In this paper we report our study of 47 Tuc using 9
years of Fermi -LAT pass8 observations. We find that 47
Tuc’s observed γ-ray flux cannot solely be explained by a
population of MSPs due to systematic discrepancies be-
tween the predicted and observed flux. Motivated by the
recent evidence of an IMBH within 47 Tuc, we model 47
Tuc’s 9-year spectrum with two sources of γ-rays: MSPs
and DM with an enhanced density around the IMBH. For
the MSP description, we consider both the resolved and
unresolved MSP population within 47 Tuc, with remark-
able agreement between the two suggesting that all MSPs
within 47 Tuc are resolved. For either MSP description,
a maximum likelihood analysis reveals that a DM com-
ponent is significantly preferred, > 5σ, when compared
to a MSP only explanation. As such, our work consti-
tutes the first possible evidence of DM within a globular
cluster. This could have important consequences when
trying to understand how globular clusters formed, or
signifies that 47 Tuc is a unique globular cluster.
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